SUMMARY Excess mortality in persons of lower socioeconomic status is a finding confirmed in many population studies. Among the nearly 11,000 hypertensive trial participants in the populationbased Hypertension Detection and Follow-up Program, lower educational level (an indicator of low socioeconomic status) was associated with a 5-year death rate significantly above that found in those with higher education. This report examines whether this excess was observed uniformly within both treatment groups -stepped care and referred care -or whether the more vigorous antihypertensive program of stepped care was able to reduce the mortality gradient associated with education. In addition, impact on mortality of degree of blood pressure control during the trial was assessed within stepped and referred care groups, taking account also of educational level. Finally, the benefit of stepped care compared with referred care (control group) in reducing mortality was analyzed, controlling for education. Referred care participants with less than a high school education had a 5-year death rate twice as high as those with more than a high school education, whereas no such gradient of mortality was seen in the stepped care group. Level of blood pressure control throughout the trial was better in the stepped than in the referred care group and was significantly (inversely) associated with mortality in the stepped care group, regardless of educational level. In the referred care group as well, the better the control of elevated blood pressure (again, regardless of educational level), the lower the mortality, although this inverse association did not quite reach statistical significance in the referred care group. Finally, in simple cross-classification analysis, stepped care reduced mortality significantly compared with referred care in those at the lowest educational level (composing 50% of study participants); the differences in stepped care and referred care mortality for the remaining, numerically smaller, educational classes were not significant. However, multiple logistic regression and interaction analyses indicated a significant stepped care reduction in mortality compared with referred care, regardless of education. These findings on ability among hypertensive persons to reduce the adverse effect of low socioeconomic status have importance for both clinical practice and public health, particularly since hypertension prevalence is highest in those with low socioeconomic status. 
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HYPERTENSION VOL 9, No 6, JUNE 1987 minish or even abolish this effect among those randomized to SC? What effect did degree of blood pressure control have on mortality, and was this independent of educational level? Finally, was the SC program able to reduce mortality, compared with that of the Referred Care (RC; control) group, even among those traditionally at excess risk (i.e., those at the lower end of the socioeconomic scale)?
Data on education were available on 10,691 of the 10,940 persons randomized in HDFP, and for this report educational level is divided into three classes: 1) less than a high school education, 2) high school graduate, and 3) more than a high school education. Other variables considered are age-sex-race, baseline medical status, and blood pressure control during the trial.
Methods
A detailed description of HDFP has been published previously. 3 Briefly, a two-staged, population-based screening was conducted among persons aged 30 to 69 years in 14 U.S. communities with varied demographic composition. The target population groups were selected from probability samples of entire communities, census tracts, residents of housing projects, or employees of selected industries. The only exclusion criteria were terminal illness or permanent confinement to bed, making clinic attendance impossible.
In the first screen all men and women with average fifth phase diastolic blood pressure (DBP) of 95 mm Hg or above were invited to the HDFP clinical centers for a secopd screening. If clinic DBP averaged 90 mm Hg or above, the person was declared eligible and invited into HDFP. After stratification based on DBP, participants were randomized to RC (i.e., treatment by existing sources of medical care in the community) or io SC (i.e., treatment at the HDFP clinical center). SC treatment was designed to maintain blood pressure at or below a predetermined normotensive goal over a 5-year period and to minimize barriers to care of hypertension. Goal blood pressure was defined as DBP of 80 to 90 mm Hg, depending on blood pressure level and drug treatment status at entry. SC and RC participants received a medical examination at baseline and at annual visits for Years 2 and 5. Both groups received home visits at Years 1, 2, 4, and 5, and both SC and RC participants were followed for mortality ascertainment for a minimum of 5 years.
This report presents findings on mortality experience of HDFP participants by treatment group and educational level, considering entry characteristics and annual visit data on blood pressure treatment status throughout the trial, first analyzing within treatment groups (RC and SQ and then comparing outcome between RC and SC groups.
Statistical methods used include simple cross-classification, using age-sex-race-adjusted death rates, with confidence intervals for major comparisons between SC and RC groups; relative mortality risk, by educational class, in SC and RC groups, adjusted by key baseline variables; and multiple regression, including several indices of blood pressure control during the trial. 6 Results Overall findings of the HDFP have been reported previously in detail. 3 ' 7~9 SC resulted in more effective blood pressure control than did RC, despite the fact that community treatment practices changed considerably during the course of the trial, with an ever-increasing proportion of patients with hypertension receiving treatment. At the 5-year examination, 78% in SC compared with 58% in RC were receiving drug therapy; average DBP was 84.1 mm Hg in the SC group compared with 89.1 mm Hg in the RC group. All-cause mortality for SC participants was 6.4/iOO in 5 years compared with 7.7/100 in 5 years in RC participants, a statistically significant difference of 16.9% in favor of SC (/?<0.01).
Mortality Within Treatment Groups

Referred Care
A strong inverse association was observed in the RC group between educational level and 5-year all-cause mortality. In blacks and whites, those with less than a high school education had age-sex-adjusted death rates twice as high as those with more than a high school education, and 45% above those completing high school ( Table 1 ). As shown in Table 2 , this excess mortality in those at the lowest educational level was still observed after the death rates were adjusted for baseline variables unevenly distributed among the educational subgroups and likely to affect outcome (i.e., end-organ damage, entry blood pressure, and medication status). Relative risk for mortality in the RC group, using the middle educational class as 1.00, was significantly different among educational classes. Those with the least education had a relative risk of 1.33 compared with the relative risk of 0.82 for those at the upper end of the educational scale (p<0.01).
Stepped Care
The inverse relationship between educational class and mortality observed among the RC group was considerably diminished in the SC group. This was true for SC overall and for both blacks and whites (Table  3) . When adjustment was made for other baseline factors, the mortality difference between the rniddle and highest educational classes was no longer seen and there was a nonsignificant difference in mortality between the lowest and the other educational classes (18%, p = 0.48; Table 4 ).
These observations were confirmed by multiple regression analyses within the two treatment groups, controlling for a large number of baseline variables, including educational level ( Table 5 ). As can be seen, there was no significant association between education and mortality in the SC group, but there was a significant negative association (p<0.001) in the RC group (i.e., the lower the education, the higher the mortality in the RC but not in the SC group).
Blood Pressure Control, Education, and Mortality Within Treatment Groups
The key hypothesis tested in HDFP was whether effective control of blood pressure through vigorous Adjustment is to distribution in the whole study. In this and subsequent tables with age-sex-race adjustment, the adjusted rates are based on 16 cells (4 age groups, 2 sexes, 2 races). In some cells with few persons, there may be no deaths, and this could influence final adjusted rates disproportionately.
*Age-sex-race-adjusted. tAge-sex-adjusted. •Adjusted for age-sex-race, DBP, SBP, smoking, medication status, and end-organ damage. End-organ damage defined as presence of any of the following: definite left ventricular hypertrophy on electrocardiogram, history, or electrocardiographic evidence of myocardial infarction, history or clinical evidence of stroke, history of intermittent claudication, serum creatinine of 1.7 mg/dl or greater.
tThis value is constrained to be 1.00 by the computation procedure. The relative risk for <high school and >high school groups was computed relative to that for the high school graduate group.
antihypertensive therapy could reduce mortality. 5 It was anticipated that SC would be more successful than RC in blood pressure treatment. However, if the central hypothesis was correct, then the degree of success in controlling elevated blood pressure during the trial should relate to outcome, in both SC and RC and should also have an impact regardless of educational level. This corollary was examined through life-table regression with time-dependent covariates, using as covariates three indices of blood pressure treatment over the course of the trial: 1) annual DBP levels, 2) whether the participant was on or off antihypertensive medication at annual visits, and 3) whether the participant had achieved goal pressure. These findings are presented in Table 6 . It should be borne in mind that the analyses presented thus far for baseline variables and now for postentry variables as well are withingroup findings and do not have the safeguards afforded by randomization; the analysis depends on regression techniques to adjust for potential confounding factors. The data in Table 6 indicate that blood pressure treatment and status over the course of the trial were significantly related to mortality in the SC group. This relationship was independent of key baseline characteristics, including educational level. The data also indicate that mortality was influenced by blood pressure status during the trial for the RC group as well, although it did not reach statistical significance. Baseline educational level did not negate this relationship in the RC group either. Although blood pressure control was most successful in the SC group and was significantly related to mortality there, outcome was influenced by success in blood pressure control in both groups, independent of such factors as education.
Mortality in Stepped Care Versus Referred Care
The benefit of the SC antihypertensive treatment program in reducing mortality as compared with the RC program was not only demonstrated overall in the study but was evident among those in the lowest educational class, traditionally at excess risk (Table 7) . Because power estimates (and consequently sample size) for HDFP were based on the comparison between SC and RC as a whole and not on subgroups, rates in such subgroups (here, educational level) can be expected to be less stable. Therefore, Table 7 not only presents age-sex-race-adjusted rates for SC as compared with RC but also contains the 95% confidence intervals around the differences in these rates. For those with less than a high school education (approxi- Adjustment is to distribution in the whole study. *Age-sex-race-adjusted. tAge-sex-adjusted. •Adjusted for age-sex-race, end-organ damage, DBP, SBP, smoking, and medication status at entry. See Table 2 for definition of end-organ damage.
tThe relative risk for <high school and >high school groups was computed relative to that for the high school graduate group. mately 50% of HDFP participants), the difference in mortality rates (9.04/100 for RC minus 6.95/100 for SC) is large, and the confidence interval around that difference does not include zero (i.e., the difference is statistically significant). For the other two educational classes, in which the number of events was smaller than in the lowest educational class, the confidence intervals do include zero, so that the differences in mortality observed (slightly favorable to SC in one and to RC in the other class) could be due to chance variation.
To determine further whether the apparent difference among educational classes in SC versus RC benefit, observed in the simple cross-classification analysis of Table 7 , was possibly due to chance, a test for homogeneous effect of treatment (SC vs RC) was performed. The chi-square test for interaction had a p value of 0.16 (i.e., there was no significant interaction), and the effect of SC versus RC did not differ significantly among the educational classes. The findings of this interaction analysis were substantiated by multiple logistic regression analysis testing for a homogeneous treatment effect while controlling for numerous other baseline characteristics.
The data indicate that, as noted, overall in the study, education did have an inverse association with mortality (due largely to the marked gradient observed in the RC group, comparing lowest vs highest educational class). However, after controlling for educational level and the several other major baseline characteristics, treatment group had a significant independent relationship with mortality; SC participants had a lower mortality than did RC participants (p<0.0l).
To what extent was the differential in blood pressure treatment and control during the trial responsible for the lower mortality observed in the SC group? This question was examined earlier for the whole study group by Hardy and Hawkins 6 and was examined separately in the present study for those with less than a high school education. In this large subgroup, relative risk for RC as compared with SC was 1.32 (p<0.0l), TABLE §For this analysis, education was coded as follows: 1 = < 7 years; 2 graduate; 5 = some college; 6 = college graduate; 7 = postcollege. when unadjusted for indices of blood pressure control during the trial (DBP level, goal pressure status, and medication status). When the mortality rates were adjusted for in-trial blood pressure control status, the relative risk for RC as compared with SC fell to 1.18 (not significant). (In both analyses, adjustment was made for such characteristics as age-sex-race, baseline blood pressure, baseline medication, and smoking status.)
Multiple Logistic Regression Analysis of 5-Year Mortality Among Stepped Care and Referred Care Participants
These findings indicate that approximately 44% of the excess mortality in the RC compared with the SC group can be explained by in-trial differences in blood pressure control.
Discussion
In response to the first question examined in this report, the data indicate that an effective, vigorous program of antihypertensive therapy can greatly diminish among hypertensive persons the adverse effects traditionally accompanying lower socioeconomic status. In the SC group, which underwent such a vigorous treatment program, no significant gradient of mortality based on educational level -an important socioeconomic indicator -was observed. This contrasted with the experience of the RC (control) group, where those with less than a high school education had a 5-year adjusted death rate twice as high as those with more than a high school education.
Second, the degree of blood pressure control during the trial had a strong and significant inverse association with mortality outcome in the SC group, regardless of educational class. A similar, although not significant, inverse association was observed in the RC group. That is, although overall, blood pressure control was more effective in SC, even in RC the better the blood pressure control, the lower the mortality. Third, it is reasonable to assume that the more successful blood pressure control accomplished through the SC program contributed in an important way to the benefit of SC compared with RC. This benefit was seen overall in HDFP and, significantly, also in participants from the lowest educational class, despite their traditional excess risk. Multivariate analyses indicated that the SC program significantly reduced mortality compared with the results of RC, regardless of educational class.
Why lower socioeconomic level -reflected in this report by educational status -usually carries extra mortality risk, is clearly complex and touches on such issues as early nutrition, living conditions, and access to and utilization of medical care; and this study has only limited ability to analyze these related factors. However, the positive experiences of the HDFP in treating hypertension 10 ' " are important for both public health endeavors and clinical practice, since the findings reported indicate that with more effective control of elevated blood pressure, mortality can be reduced, including the mortality in the socioeconomic groups that are usually at excess risk. This finding may be particularly important because prevalence of hypertension in the United States is highest among those of low socioeconomic status. 
